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Risks and Benefits of Glioblastoma Resection in Older Adults: A Retrospective Austrian

Multicenter Study
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-OBJECTIVE: To assess the prognostic profile, clinical
outcome, treatment-associated morbidity, and treatment
burden of elderly patients with glioblastoma (GBM) un-
dergoing microsurgical tumor resection as part of
contemporary treatment algorithms.

-METHODS: We retrospectively identified patients with
GBM ‡65 years of age who were treated by resection at 2
neuro-oncology centers. Survival was assessed by Kaplan-
Meier analyses; log-rank tests identified prognostic factors.

-RESULTS: The study population included 160 patients
(mean age, 73.1 � 5.1 years), and the median contrast-
enhancing tumor volume was 31.0 cm3. Biomarker analyses
revealed O(6)-methylguanine-DNA methyltransferasee
promoter methylation in 62.7% and wild-type isocitrate de-
hydrogenase in 97.5% of tumors. The median extent of
resection (EOR) was 92.3%, surgical complications were
noted in 10.0% of patients, and the median postoperative
hospitalization period was 8 days. Most patients (60.0%)
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received adjuvant radio-/chemotherapy. The overall
treatment-associated morbidity was 30.6%. The median
progression-free and overall survival were 5.4 months (95%
confidence interval [CI], 4.6e6.4months) and 10.0months (95%
CI, 7.9e11.7 months). The strongest predictors for favorable
outcome were patient age £73.0 years (P [ 0.0083), preop-
erativeKarnofskyPerformanceStatus Scale score‡80% (P[
0.0179), postoperative modified Rankin Scale score £1 (P <
0.0001), adjuvant treatment (P < 0.0001), and no treatment-
associated morbidity (P [ 0.0478). Increased EOR did not
correlate with survival (P [ 0.5046), but correlated signifi-
cantly with treatment-associated morbidity (P[ 0.0031).

-CONCLUSIONS: Clinical outcome for elderly patients
with GBM remains limited. Nonetheless, the observed
treatment-associated morbidity and treatment burden were
moderate in the patients, and patient age and performance
status remained the strongest predictors for survival. The
risks and benefits of tumor resection in the age of
TMZ: Temozolomide
WHO: World Health Organization
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biomarker-adjusted treatment concepts require further
prospective evaluation.
INTRODUCTION
lioblastoma (GBM) is the most common malignant pri-
mary adult brain tumor, and prognosis of patients with
GGBM remains poor.1,2 The peak incidence is 64.0 years

of age, and a significant proportion of patients are �70 years of
age.1,2 Because of demographic developments, an increase in
the number of patients can be expected.3,4 In addition to a poor
clinical status, a higher age is the strongest prognostic factor for
limited progression-free survival (PFS) and overall survival
(OS).4-8 Moreover, elderly patients with GBM typically have unfa-
vorable biomarkers, comprising a wild-type isocitrate dehydroge-
nase (IDH 1/2) and unmethylated O(6)-methylguanine-DNA
methyltransferase (MGMT)epromoter status.2,9,10

Standard treatment at first diagnosis entails maximum safe
resection followed by radio-/chemotherapy (RTx/CTx) with temozo-
lomide (TMZ).2 Older adults usually undergo less invasive treatment
to not risk negative therapy-induced effects on outcome. This in-
cludes hypofractionated radiation regimens, dose-adapted chemo-
therapies, and sometimes combinations of both. Patients in poor
condition may undergo best supportive care (BSC) only. Recent
studies have shown that, in addition to conventional prognostic
factors, the molecular profile of tumors can be used to select from
these treatment alternatives.3-8,11-29 Microsurgery’s place within this
framework remains unclear.6,18-22 Even though gross total resection
(GTR) has been proven to increase OS, little data are available con-
cerning the risks and benefits of resections in older adults.8,11-18

This retrospective study by 2 neuro-oncology centers has been
performed to assess the prognostic profile, clinical outcome,
treatment-associated morbidity, and treatment burden of elderly
patients with newly diagnosed GBM, who were found eligible for
elective tumor resection as part of contemporary management.

METHODS

Patients
We retrospectively identified all consecutive patients with proven
GBM, who had been treated in the neuro-oncology centers of 2
university hospitals between July 2007 and December 2016. All
patients had given prior written informed consent to all applied
treatments; no study-specific treatments were conducted. The
local institutional review boards approved the study.
Inclusion criteria included the following: 1) initial patient age

�65 years, 2) primary treatment was microsurgical tumor resec-
tion, and 3) resections were elective procedures with perioperative
cessation of anticoagulation. Patients, who had either undergone
emergency surgery, biopsy, or palliative care only, were not
included. The last clinical follow-up was August 31, 2018.

Treatment and Follow-Up
In both centers, treatment decisions were made by the interdis-
ciplinary tumor boards. Indication for microsurgical resection was
e584 www.SCIENCEDIRECT.com WORLD NE
usually seen for patients with a Karnofsky Performance Status
Scale (KPS) score �60% harboring tumors considered eligible for
GTR or at least 70% tumor reduction in case of symptomatic
space-occupying effects. Resections were carried out using 5-
aminolevulinic acid fluorescence microscopy, intraoperative ul-
trasound, and neuronavigation to optimize the extent of resection
(EOR); intraoperative magnetic resonance imaging (MRI) was
available at one center and used in selected cases.
Histopathologic grading including biomarker analyses (i.e., IDH

1/2 mutations, MGMT-promotor methylation status, TERT muta-
tional status) was conducted per World Health Organization
(WHO) classification.2 Because of the time of study inclusion, the
biomarker status was retrospectively assessed in missing cases and
not available for all patients.
Clinical follow-up data were extracted from the medical charts

and electronic databases. We recorded all applied treatment reg-
imens over the course of the disease and dates of tumor pro-
gression and/or death. The patients’ clinical risk factors (i.e., age
at diagnosis, cardiovascular comorbidities as defined by the clas-
sification of the American Society of Anesthesiologists) and
treatment-associated morbidity and mortality were recorded. The
length of the postoperative hospitalization was documented. The
MRI follow-up algorithm—applied at both centers—was as fol-
lows: the first postoperative MRI was performed within 72 hours
after tumor resection. For patients, who underwent further adju-
vant treatment, the next consecutive MRI was performed 4e6
weeks after the end of the RTx or concomitant CTx/RTx
(approximately 3 months after surgery). Further clinical follow-up
visits including MRI evaluations were then performed in 3-months
intervals; tumor progression was assessed by the response
assessment in neuro-oncology criteria.30 In selected cases, O-(2-
[18 F]fluoroethyl)-1-tyrosine positron emission tomography scans
were additionally applied to differentiate tumor progression from
pseudoprogression/treatment-induced changes.31 Two blinded
neuroradiologic staff members (J. S. and M. M.) reevaluated all
pre- and postoperative MRI. Calculation of tumor volumes was
based on the sum of contrast-enhanced tumor areas in each
consecutive sequence in T1-weighted images covering entire tu-
mor extensions. The EOR calculations were based on the differ-
ence of pre- and postoperative tumor volumes, as seen on
preoperative and immediate postoperative (within 72 hours after
surgery) MRI scans.

Statistical Analyses
Death was tumor-related in each case of the patient population.
Survival time was defined as the time either to death or last follow-
up, whichever occurred first. PFS time was defined as the time to
either first recurrence or last follow-up. In both cases, (progres-
sion-free) survival times were considered as censored if last
follow-up was first. All analyses were carried out using the sta-
tistical software package R (R Foundation for Statistical
Computing, Vienna, Austria). To assess overall (progression-free)
survival and potential associations with a set of variables, which
were specified in advance, Kaplan-Meier analyses including con-
fidence intervals (CIs) and corresponding log-rank tests were
performed. Asymptotic P values are reported; nevertheless,
sensitivity analyses revealed that they do not differ substantially
from their exact counterparts. The significance level was set to
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.09.097
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Table 1. Study Population and Tumor Characteristics (N ¼ 160)

Variable Value

Study population

Age at diagnosis (years) 73.1 � 5.1

Sex (men) 97/160 (60.6)

Patients with relevant cardiovascular comorbidities 88/160 (55.0)

Preoperative KPS score (%) 80 (60e100)

Preoperative mRS score 1 (0e4)

Postoperative mRS score 2 (0e5)

Postoperative hospital stay (days) 8 (4e52)

Tumor location and volume

Temporal 61/160 (38.1)

Frontal 43/160 (26.9)

Parietal 17/160 (10.6)

Frontotemporal 9/160 (5.6)

Parietooccipital 9/160 (5.6)

Occipital 7/160 (4.4)

Temporooccipital 7/160 (4.4)

Parietotemporal 2/160 (1.3)

Frontoparietal 5/160 (3.1)

Right side 90/160 (56.3)

Tumor volume (cm3) 31.0 (3.2e157.6)

Histopathology and molecular markers*

IDH 1 mutation 4/157 (2.5)

MGMT-promoter methylated 74/118 (62.7)

TERT mutation 70/115 (60.9)

Ki67 proliferation index (%) 30 (10e75)

Values are number of patients/total number of patients (%), mean � SD, or median
(range).

KPS, Karnofsky Performance Status Scale; mRS, modified Rankin Scale, MGMT, O(6)-
methylguanine-DNA methyltransferase.

*Not available for all patients.
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5.0%. Ordinal and metric variables were transformed to categor-
ical variables either by applying a median split, or by categoriza-
tions (i.e., EOR). For the postoperative modified Rankin Scale
(mRS), we used the median of the preoperative mRS score, to
ensure consistency, and because it was advantageous with respect
to subgroup size balance. All variables that showed univariate
associations at the 5.0% level were included in a Cox proportional
hazards model without interaction terms. Visual inspection of the
Kaplan-Meier plots and a test for time-independent hazards,
which was conducted by using the function cox.zph within the
package survival in R, revealed that there was no substantial
indication of nonproportional hazards.32,33 Therefore, we
proceeded with fitting the models and extracting the estimated
hazard ratios (HRs) along with corresponding 95% CIs and P
values. As a sensitivity analysis, we examined Cox proportional-
hazards models using the original instead of the categorized
versions of the variables.

RESULTS

Patient and Tumor Characteristics
The patient population consisted of 160 cases (60.0% men), with a
mean age at initial diagnosis of 73.1 � 5.1 years (range, 65e88
years). The median preoperative KPS score was 80% (range,
60%e100%), and the median preoperative mRS score was 1
(range, 0e4). The most common tumor locations were the tem-
poral (n ¼ 61) and frontal (n ¼ 43) lobes. The median preoperative
tumor volume was 31.0 cm3 (range, 3.2e157.6 cm3). The main
signs and symptoms leading to initial diagnosis were worsening of
general medical condition (i.e., cognitive impairment) and/or
progressive headache in 65 of 160 patients (40.6%), neurologic
deficits, with aphasia and hemiparesis being the most common,
in 64 of 160 patients (40.0%), and epileptic seizures in 34 of 160
patients (21.3%). Relevant comorbidities (American Society of
Anesthesiologists class �2) were recorded for 88 of 160 patients
(55.0%); most suffered from arterial hypertension, coronary heart
disease, and diabetes.
All but 4 patients (97.5%) suffered from GBM with wild-type

IDH. None of the analyzed patients had a known precursor
lesion on previous MRI scan or had undergone prior tumor
resection for a WHO grade II or III glioma at a younger age. A
methylated MGMT-promoter status was seen in 74 of 118 tumors
(62.7%) and a TERT mutation was seen in 70 of 115 tumors
(60.9%). The median Ki67 proliferation index was 30.0% (range,
10.0%e75.0%) (Table 1).

EOR and Perioperative Morbidity
Postoperative MRI revealed an EOR of �95% in 66 of 152 patients
(43.4%), an EOR between 70% and 94% in 64 of 152 patients
(42.1%), and an EOR <70% in 22 of 152 patients (14.5%).
Accordingly, the median calculated EOR was 92.3% (range,
23.2%e100.0%), and the median postoperative tumor volume was
2.4 cm3 (range, 0.0e26.9 cm3). For 8 patients, no postoperative
MRI (within 72 hours after surgery) was available.
The median postoperative mRS score was 2 (range, 0e5). Eight

patients (5.0%) underwent revision surgery for symptomatic
postoperative hemorrhage (intraparenchymal: n ¼ 6, subdural:
n ¼ 1, and epidural: n ¼ 1). These complications were not
WORLD NEUROSURGERY 133: e583-e591, JANUARY 2020
associated with larger tumor volumes, lower EOR, or higher age.
Moreover, 3 of 160 patients (1.9%) required surgical intervention
for cerebrospinal fluid leakage, and 2 of 160 patients (1.3%) were
treated for pulmonary embolism. Postoperative new neurologic
deficits were seen in 15 of 160 patients (9.4%) (hemiparesis: n ¼ 8,
aphasia: n ¼ 4, or both: n ¼ 3). Among these were 3 patients who
underwent revision surgery for postoperative hemorrhage. Post-
operative delirium was seen in 12 of 160 patients (7.5%). Overall,
surgery-related relevant complications were seen in 16 of 160 pa-
tients (10.0%).

Adjuvant Treatment
The median time of postoperative hospitalization was 8 days
(range, 4e52 days). Most patients (122 of 160; 76.3%) received
www.journals.elsevier.com/world-neurosurgery e585
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Table 2. Surgery and Adjuvant Treatment

Variable Value

Extent of resection*

EOR (%) 92.3 (23.2e100.0)

EOR �95% 66/152 (43.4)

EOR 70%e94% 64/152 (42.1)

EOR <70% 22/152 (14.5)

Postoperative tumour volume (cm3) 2.4 (0.0e26.9)

Adjuvant treatment

RTx/CTx 96/160 (60.0)

RTx only 19/160 (11.9)

CTx only 7/160 (4.4)

Palliative care 38/160 (23.8)

Time to adjuvant treatment after surgery (days) 24 (6e81)

Values are number of patients/total number of patients (%) or median (range).
EOR, extent of resection; RTx, radiotherapy; CTx, chemotherapy.
*Immediate postoperative magnetic resonance imaging was not available for all patients.

Figure 1. Survival stratified by patient age and performance status: (A)
progression-free survival of all patients, (B) overall survival of all patients, (C)
progression-free survival stratified by patient age, (D) overall survival
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adjuvant treatment. In 38 patients (23.7%), no further tumor-
specific therapy was initiated, but BSC was performed. The
main reasons for BSC were a reduced physical condition and
sporadic rejection by patients and/or relatives. The median time
from surgery until the start of adjuvant treatment was 24 days
(range, 8e81 days). Most patients (n ¼ 96; 60.0%) received RTx/
CTx according to the standard EORTC/NCIC Stupp protocol
(originally established for patients up to 65 years of age).2

Nineteen patients (11.9%) underwent hypofractionated RTx
alone, and 7 MGMT-methylated patients (4.4%) were treated
with TMZ chemotherapy. Adjuvant CTx with TMZ was associated
with hematologic complications in 20 of 103 patients (19.4%),
necessitating a dose reduction in 6 of 103 patients (5.8%) and a
discontinuation of CTx in 14 of 103 patients (13.6%). At disease
progression, 17 patients (10.6%) underwent re-resections, and 10
patients (6.3%) underwent re-RTx (median dose, 36.0 Gy; range,
24.0e50.0 Gy). Until the end of follow-up, 10 patients additionally
received adjuvant bevacizumab in combination with TMZ after
completion of the initial concomitant RTx/CTx (Table 2).34

Considering all recorded complications, including oncologic,
over each patient’s course of treatment, a treatment-associated
morbidity rate of 30.6%, affecting 49 of 160 patients, was
observed.
stratified by patient age, (E) progression-free survival stratified by patient
preoperative mRS score, and (F) overall survival stratified by patient
preoperative mRS score. mRS, modified Rankin Scale.
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Figure 2. Survival stratified by adjuvant treatment and
treatment-associated morbidity: (A) progression-free
survival stratified by adjuvant treatment, (B) overall
survival stratified by adjuvant treatment, (C)

progression-free survival stratified by
treatment-associated morbidity, and (D) overall survival
stratified by treatment-associated morbidity.
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Survival and Prognostic Factors
All but 4 patients (97.5%) died within the follow-up period. Me-
dian PFS and OS were 5.4 months (95% CI, 4.6e6.4 months) and
10.0 months (95% CI, 7.9e11.7 months). Favorable OS was uni-
variately associated with patient age �73.0 years (11.7 months;
95% CI, 9.5e16.9 vs. 7.0 months; 95% CI, 4.6e10.5; P ¼ 0.0083),
preoperative KPS score >80% (12.8 months; 95% CI, 9.5e20.7 vs.
7.0 months; 95% CI, 5.1e10.8 months; P ¼ 0.0179), pre- and
postoperative mRS score �1 (12.5 months; 95% CI, 9.5e17.1 vs.
6.2 months; 95% CI, 4.9e10.7 months; P ¼ 0.0277; and 16.3
months; 95% CI, 12.6e23.2 vs. 5.3 months; 95% CI, 4.6e7.6
months; P < 0.0001, respectively), no treatment-associated
morbidity (10.8 months; 95% CI, 9.5e16.8 vs. 6.0 months; 95%
CI, 4.8e10.5 months; P ¼ 0.0478), and performance of adjuvant
treatment after tumor resection (12.5 months; 95% CI, 10.6e16.9
vs. 2.9 months; 95% CI, 1.6e4.8 months; P < 0.0001) (Figures 1
and 2). The 8 patients who underwent revision surgery for
postoperative hemorrhage showed shorter OS (2.3 vs. 10.5
months), and the subgroup of patients additionally receiving
adjuvant bevacizumab had a longer OS of 13.0 months (95% CI,
9.8e28.0 months).
WORLD NEUROSURGERY 133: e583-e591, JANUARY 2020
In multivariate testing, patient age �73.0 years (HR, 1.50; P ¼
0.1021), postoperative mRS score �1 (HR, 1.75; P ¼ 0.0647), and
adjuvant treatment (HR, 7.68; P < 0.0001) remained the strongest
prognostic factors for more favorable OS (Table 2, and Figures 1
and 2). The patients’ comorbidities (P ¼ 0.3355), EOR (P ¼
0.5046)/postoperative tumor volume (P ¼ 0.1272), and MGMT-
promoter methylation status (P ¼ 0.9131) were not found to
impact survival (Table 3).
DISCUSSION

Older age is one of the factors for worst prognosis in patients with
GBM.4-8 Older age affects the patient’s individual prognosis at
multiple levels. Older adults seem to suffer from more aggressive
tumor phenotypes (i.e., unfavorable biomarkers), exhibit reduced
resilience (because of a comorbidity), and frequently undergo less
invasive treatment (to avoid further damage). Hence, the man-
agement of elderly patients with GBM poses a true therapeutic
challenge to the neuro-oncologic community.
Many neurosurgeons are hesitant to perform resections on older

patients with GBM; therefore, this subgroup remains prone to
www.journals.elsevier.com/world-neurosurgery e587
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Table 3. Survival and Prognostic Factors

Survival

Median PFS (95% CI) (months) 5.4 (4.6e6.4)

Median OS (95% CI) (months) 10.0 (7.9e11.7)

Univariate Analyses: PFS

Variable Median (95% CI) (months) P Value

Male versus female 5.1 (4.3e6.4) versus 6.0 (4.6e8.0) 0.1918

Preoperative KPS score �80% versus >80% 5.0 (4.3e6.4) versus 5.9 (4.5e8.8) 0.1618

Preoperative mRS score �1 versus >1 7.5 (5.4e8.8) versus 4.6 (4.0e5.7) 0.0259

Postoperative mRS score �1 versus >1 8.0 (6.0e10.4) versus 4.5 (3.8e5.2) <0.0001

Patient age at diagnosis �73 versus >73 years 6.0 (5.0e9.5) versus 4.5 (3.7e6.1) 0.0017

Tumor volume �31.0 versus >31.0 cm3 6.1 (4.4e7.9) versus 5.1 (4.5e6.4) 0.1801

EOR cohort (�95% vs. 70%e94% vs. <70%) 5.3 (4.6e8.0) versus 5.9 (4.1e7.9) versus 5.0 (4.2e11.0) 0.8520

Tumor volume �2.4 versus >2.4 cm3 7.5 (5.0e8.8) versus 5.5 (4.2e7.2) 0.1061

Treatment-associated morbidity versus none 4.6 (3.9e5.5) versus 6.4 (5.0e8.5) 0.0112

Adjuvant treatment versus none/palliative care 6.4 (5.4e8.0) versus 2.9 (1.6e4.8) <0.0001

Relevant comorbidities versus none 5.1 (4.4e7.0) versus 5.7 (4.5e8.5) 0.4128

MGMT-promoter methylated versus unmethylated 5.1 (4.5e6.1) versus 4.5 (3.9e7.5) 0.6513

TERT mutated versus wild-type 5.5 (4.2e7.7) versus 5.1 (4.1e7.1) 0.6123

Univariate Analyses: OS

Variable Median (95% CI) (months) P Value

Male versus female 9.5 (6.8e16.3) versus 10.5 (7.6e14.8) 0.5375

Preoperative KPS score �80% versus >80% 7.0 (5.1e10.8) versus 12.8 (9.5e20.7) 0.0179

Preoperative mRS score �1 versus >1 12.5 (9.5e17.1) versus 6.2 (4.9e10.7) 0.0277

Postoperative mRS score �1 versus >1 16.3 (12.6e23.2) versus 5.3 (4.6e7.6) <0.0001

Patient age at diagnosis �73 versus >73 years 11.7 (9.5e16.9) versus 7.0 (4.6e10.5) 0.0083

Tumor volume �31.0 versus >31.0 10.8 (8.0e17.9) versus 9.5 (5.7e12.4) 0.1184

EOR cohort (�95% vs. 70%e94% vs. <70%) 8.8 (5.4e14.9) versus 10.7 (8.8e16.9) versus 11.7 (7.0eNA) 0.5046

Postoperative tumor volume �2.4 versus >2.4 13.7 (10.0e20.7) versus 10.7 (7.6e16.3) 0.1272

Treatment-associated morbidity versus none 6.0 (4.8e10.5) versus 10.8 (9.5e16.8) 0.0478

Adjuvant treatment versus none/palliative care 12.5 (10.6e16.9) versus 2.9 (1.6e4.8) <0.0001

Relevant comorbidities versus none 8.5 (6.8e10.8) versus 10.8 (7.6e16.9) 0.3355

MGMT-promoter methylated versus unmethylated 9.5 (6.3e12.8) versus 8.8 (5.7e16.3) 0.9131

TERT mutated versus wild-type 9.5 (7.0e18.6) versus 8.8 (6.3e11.7) 0.4067

Multivariate Analysis: PFS

Variable Hazard Ratio (95% CI) P Value

Preoperative mRS score >1 versus �1 1.13 (0.72e1.78) 0.5882

Postoperative mRS score >1 versus �1 1.57 (0.97e2.54) 0.0691

No treatment/palliative care versus adjuvant treatment 2.64 (1.55e4.51) 0.0004

Continues
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Table 3. Continued

Multivariate Analysis: PFS

Variable Hazard Ratio (95% CI) P Value

Treatment-associated morbidity (yes vs. no) 1.06 (0.68e1.65) 0.7857

Patient age at diagnosis >73 versus >73 years 1.53 (1.04e2.24) 0.0291

Multivariate Analysis: OS

Variable Hazard Ratio (95% CI) P Value

Preoperative KPS score >80% versus �80% 0.79 (0.39e1.62) 0.5233

Preoperative mRS score >1 versus �1 0.90 (0.40e2.04) 0.8023

Postoperative mRS score >1 versus �1 1.75 (0.97e3.16) 0.0647

No treatment/palliative care versus adjuvant treatment 7.68 (4.06e14.56) <0.0001

Treatment-associated morbidity versus none 1.52 (0.92e2.49) 0.0993

Patient age at diagnosis >73 versus �73 years 1.50 (0.92e2.45) 0.1021

PFS, progression-free survival, CI, confidence interval; OS, overall survival, KPS, Karnofsky Performance Status Scale; mRS, modified Rankin Scale; EOR, extent of resection; MGMT, O(6)-
methylguanine-DNA methyltransferase; NA, limit not available.
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undertreatment. Identifying the subgroup of elderly patients,
which might tolerate a more aggressive treatment with favorable
influence on prognosis, is of paramount importance. Data on this
topic are still scarce. This particularly concerns the impact of
microsurgical resections in the light of modern biomarker
profiling.
This study adds to the existing level of knowledge regarding

these important aspects of neuro-oncologic treatment. In sum-
mary, our data point to the following clinical implications for the
therapeutic management of elderly patients with GBM. In selected
patients, 1) tumor resections can be conducted with a tolerable
risk for surgery-related morbidity; 2) a timely start of adjuvant
treatment after initial surgery seems to be feasible; 3) adjuvant
treatment may even include RTx/CTx according to the Stupp
protocol; 4) clinical outcome, however, remains limited with
survival of approximately 10 months; and 5) age at diagnosis,
performance status, adjuvant treatment, and treatment-associated
morbidity still remain the strongest predictors for OS.
The EORTC/NCIC protocol is the standard pattern of care for

patients newly diagnosed with GBM who are <65 years of age.1

Improved understanding of the tumor’s biomarker profile has
led to more stratified and nuanced treatments. Especially,
MGMT-methylation status has gained significant relevance when
deciding on the chemosensitivity and presumed benefit from
additional TMZ administration.1 The Nordic trial reported only
little benefit from adjuvant TMZ treatment in older adults with
unmethylated GBM, and the authors recommended treatment
stratification between TMZ and percutaneous radiotherapy based
on MGMT status.11

In our population, we recorded median PFS and OS of 5.4 and
10.0 months, respectively. Even though these survival rates may
seem discouraging at first sight, they are in accordance with re-
ported outcomes. For reference, the aforementioned Nordic trial
WORLD NEUROSURGERY 133: e583-e591, JANUARY 2020
resulted in a median OS of 9.6 months in case of radiotherapy and
8.6 months for TMZ.11 Other groups recorded a median OS
ranging from only 3.8 to 5.6 months7,19,24; more recently,
Heiland et al.20 reported a median survival of 7.5 months for 342
elderly patients with GBM who were �65 years of age. A
Finnish nationwide study including patients >70 years of age
reported a survival of 4.5 months for individuals diagnosed
between 2007 and 2013.4 Furthermore, one has to keep in mind
that for unselected cohorts, regarding patient age, the survival
still lies in the range of merely approximately 12e15 months.1

Moreover, almost all of the patients in this study suffered from
wild-type IDH 1/2 GBM, which is notably associated with poor
prognosis and typical for elderly patient populations.2,9 The
presented cohort consisted, however, of selected cases with
good preoperative performance status, which were deemed
suitable for resection regarding the patients’ condition and
tumor location; patients who underwent stereotactic biopsy were
not evaluated. Therefore, our dataset does not allow for
conclusions regarding this subgroup and/or patients with poor
clinical status. Additionally, adjuvant treatment was not
stratified by MGMT-promoter methylation.
Then again, this provides for interesting additional aspects.

Notably, most patients (60.0%) underwent concomitant and
adjuvant RTx/CTx, which is considered the most aggressive
treatment for patients with GBM, especially for those of higher
age. Nonetheless, chemotherapy-associated morbidity was within
a tolerable range (19.4%). Adjuvant treatment could be started
within a prompt time frame (median, 24 days), and patients did
not require prolonged recovery after neurosurgery. No prospective
study has yet evaluated the effects of the EORTC/NCIC protocol in
elderly patients. Despite generally good postoperative status, and
an EOR and surgery-related morbidity within the usual range for
patients with GBM, our outcome was worse than in younger
www.journals.elsevier.com/world-neurosurgery e589
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cohorts.1,35-37 Therefore, it has to be assumed that the benefit of
aggressive adjuvant treatment appears to decrease with patient
age. Furthermore, it has to be acknowledged that a considerable
proportion of the patients (23.8%) only received BSC after re-
sections and treatment-associated morbidity led to a significantly
worse survival. This underscores the difficulty to predict which
patients are suitable candidates for aggressive treatment.
Another aspect of our study was to identify prognostic factors to

optimize this patient selection. Our analyses showed that younger
patient age, better performance status, and adjuvant treatment
were found to be the strongest predictors of prolonged survival,
which is in line with the existing literature.5,7,20,24,28 Interestingly,
neither the MGMT-promoter methylation status nor the EOR were
found to be of significance. These findings were unexpected
because they appear to contradict existing data.1,5-7,10,11,17,18,20,28,38

Although the issue of MGMT-promoter methylation is not, or
insufficiently, addressed by many studies, the MGMT-promoter
methylation status has been shown to remain a prognostic fac-
tor also for elderly patients.4,7,11,14,20 In addition, older adults have
usually been found to benefit from an increased EOR (e.g.,
Heiland et al.20 reported an increased median OS of 10.8
months for their subgroup of cases with GTR, Babu et al.5

recorded an OS of 14.1 months for GTR compared with only 9.1
months for subtotal resection, Zhang et al.18 recently also found
GTR to be significantly associated with longer OS compared
with subtotal resection [15 vs. 10.5 months, respectively] in a
cohort of 70 elderly patients with GBM).10,18,28 Additional
correlation analyses revealed that MGMT-promoter methylation
was coincidentally associated with higher treatment-associated
morbidity over the course of treatment (P ¼ 0.0031). An impor-
tant limitation of our data hereby is that the MGMT-promoter
methylation status was not available for all patients (118 of 160)
and the proportion of MGMT-methylated tumors (62.7%) was
higher than usually reported.20 As previously stated, adjuvant
treatment was not influenced by the MGMT status, which might
also contribute as a confounder. Moreover, increased EOR was
found to correlate with increased treatment-associated morbidity
(P ¼ 0.0025). Patients with methylated MGMT-status and/or pa-
tients with increased EOR were not of older age, had worse pre-
operative performance status, or underwent less adjuvant
treatment. These 2 important aspects implicate that
treatment-associated complications significantly determine the
outcome, and may thereby even outweigh any potential benefits of
increased EOR and favorable biomarkers. The fact that
treatment-associated morbidity only achieved significance in uni-
variate (P ¼ 0.0478) but not in multivariate testing (HR, 1.52; P ¼
0.0993) can best be explained by the relatively low number of
e590 www.SCIENCEDIRECT.com WORLD NE
events, which did not allow to integrate interaction terms in the
Cox model. Especially, the aspect of the correlation between EOR
and treatment-associated morbidity is of importance because in
contrast with MGMT status, it is a direct consequence of the
surgical intervention and can thereby be seen as a modifiable
factor. Patients with postoperative hemorrhage were neither found
to be of older age (median age, 74.5 vs. 73.2 years) nor suffered
from substantially larger tumors (median tumor volume, 33.4 vs.
30.5 cm3), respectively.
To objectively assess the treatment burden, we analyzed the

treatment-associated morbidity rate and postoperative hospitali-
zation. Surgery-associated morbidity was seen in approximately
10% and the overall treatment-associated morbidity reached
approximately 30%. This appears to be similar to those of younger
patients with GBM.36 Only a few studies on older adults provide
precise numbers regarding complications. D’Amico et al.22

reported a surgery-related overall complication rate of 21.9% af-
ter craniotomy of elderly patients with GBM, and Karsy et al.39

recorded 34 complications in 23 patients, stating that increased
EOR was only significantly associated with improved survival in
patients without complications. The median required
postoperative hospital stay was 8 days, not substantially longer
than for unselected patients with glioma. Flanigan et al.23 also
reported a mean in-hospital stay of 6.3 days for elderly patients.
However, any treatment-associated morbidity will undeniably
prolong hospitalization.
We found that survival of elderly patients with GBM is still <1

year. The patients, nonetheless, generally tolerated adjuvant
aggressive treatment; treatment-associated morbidity and the
surgical treatment burden were moderate. The benefit of resection
within the framework of multimodal treatment and biomarker
stratification, however, still has to be clarified in future prospec-
tive studies.
CONCLUSIONS

Clinical outcome for elderly patients with GBM remains limited.
Nonetheless, the observed treatment-associated morbidity and
treatment burden were moderate in the patients. Patient age,
performance status, adjuvant treatment, and treatment-associated
morbidity remain the strongest predictors for survival. If
treatment-associated morbidity occurred, however, it led to sig-
nificant shorter survival. Based on our findings, we think there
should not be therapeutic nihilism even in patients of older age.
The risks and benefits of resections within the framework of
modern biomarker-stratified treatment concepts require further
evaluation in future prospective data.
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